We present results from the assimilation of observed oceanic 3-D temperature and salinity fields into the global coupled Max Planck Institute Earth system model with the SEIK filter from January 1996 to December 2010.
Introduction 1
The natural variability of Earth's climate is influenced by many factors. 
21
Given the limited number of observations and their large uncertainties to rep-22 resent the variability of the ocean in space and time, it has been argued that 23 even the entire oceanic data base might currently be too small to successfully 24 constrain an ocean model (Pohlmann et al., 2009 ). Hence, any oceanic re-25 analysis will represent both the variability seen in the observations, but also 26 the variability native to the model that is constrained by the observations. 
51
In our study we use the SEIK filter to assimilate subsurface and surface until an observation data set is going to be assimilated, we call this the "as- with the observations, which we call the "analysis step". Thirdly, the "re- 
115
We assume an already initialized ensemble of states with N members (α = 116 1, ..., N ) at time t i , with the size of the model state n:
6
The non-linear model independently integrates the ensemble members for- 
where the error subspace associated with the forecast ensemble is represented
123
by the columns of L f , which is the transformed forecast ensemble according 124 to:
with the unit matrix I, the null matrix 0, and 1 is a matrix of ones. The 126 vector of weights a f has the size (N − 1) and is calculated as 
Here ρ represents the forgetting factor, which is proportional to the inverse 132 of the inflation factor described in Anderson and Anderson (1999). Hence,
133
a forgetting factor ρ smaller than 1 results in an artificial inflation of the 134 ensemble spread by a factor larger than 1.
135
For the re-initialization the updated ensemble of states is re-sampled accord-
136
ing to:
where
is obtained from a Cholesky decomposition applied
and Ω f is a N × (N − 1) random matrix with orthonormal columns.
140
Please note that neither the forecast nor the updated error covariance matrix 141 needs to be calculated explicitly, they are replaced according to
and thus the SEIK analysis and re-initialization (Eqs. 3 and 8) only requires In our experiments, we did not use artificial inflation, leaving ρ = 1. by observations on at least a yearly basis over the total assimilation time.
169
The temporal coverage improves for the Argo era at depths above 2000 m.
170
We heuristically chose observation uncertainties of 1 K for all temperatures 
191
The experimental configuration is summarized in Tab. 1. All three ex- We calculate RMSE and correlation coefficients for the global average as well 219 as for regional averages in the following regions: Northern Atlantic Ocean,
220
Indian Ocean, and Niño 3.4. The regions are outlined in Fig. 1 .
221
For each experiment we compute the significance of the calculated RMSE and Fig. 2 a,c,e The observed T100 from EN3 has been directly assimilated in both as-
309
similation experiments. The RMSE of the globally averaged simulated T100 310 against observations (Fig. 3a,c, any grid cell (Fig. 3b,d,f) .
319
For the three selected regions, the depth profiles down to 500 m of the area 320 averaged RMSE of simulated temperature against observations show degra-321 dation due to assimilation (Fig. 4a,c, patterns and significant areas as the RMSE of SST, they are not shown here.
356
The averaged RMSE for the three selected regions are given in Tab 
367
The SEIK assimilation degrades the correlation in some parts of the Northern The observed AMOC has not been directly assimilated in our experi-373 ments. Compared to temperature, HC700, and SSH, the AMOC represents 374 a highly integrated quantity.
375
The three experiments have a similar 15-year mean AMOC cell (Fig. 7) Firstly, the atmosphere in our assimilation is as unconstrained as in NoAssim.
435
Therefore any change of the oceanic fields due to assimilation is quickly offset 436 by the influence of the unconstrained atmosphere, the number of oceanic ob- way, which is beyond the scope of our study. 
